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The tympanic membrane (TM) integrity is of utmost importance for the sense 
of hearing. Therefore, the intrinsic potential of the TM to regenerate and repair 
deserves complete characterisation. Existing studies brought evidence on the 
epithelial stem niche of the TM. However, the stromal compartment was not 
evaluated for harbouring a distinctive stem, or progenitor, niche. We aimed 
doing this in transmission electron microscopy. We used TMs dissected out 
from 3 male Oryctolagus cuniculus rabbits. Evidence of stromal quiescent stem 
cells was gathered. Moreover, endothelial progenitor cells were found in the 
TM, being accurately identified by two specific ultrastructural markers of the 
endothelial lineage: the Weibel-Palade bodies and the stomatal diaphragms of 
the subplasmalemmal caveolae. The stromal stem niche of the TM appears to 
be a distinctive contributor during physiological and pathological processes of 
the TM, such as cholesteatoma formation, at least as a biological support for 
processes of vasculogenesis. However, further characterisation of the molecular 
pattern of the stromal stem niche of the TM is mandatory. (Folia Morphol 2017; 
76, 4: 630–634)
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INTRODUCTION
A common clinical problem worldwide is the tym-
panic membrane (TM) perforation, which in specific 
conditions could lead to conductive hearing loss [5]. 
Current concepts on the mechanisms driving the 
TM repair involve the epithelial (epidermal) migra-
tion [1, 7]; the peculiar trait of these mechanisms 
being that the epithelialisation of the soft tissue 
precedes the advancement of the fibrous tissue [2]. 
Two different migratory waves, slow and fast, seem 
to distinctively involve the cells of the stratum ba-
sale and those of the stratum corneum, respec-
tively [1]. Nevertheless, the epithelial stem niches 
of tympanum are indicated as being the umbo, the 
annular region and along the malleus [6]. 
We took into account the concept of the uni-
versal perivascular/periendothelial stem niche [9] 
which relies upon the recruitment of pericytes as 
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mesenchymal stem (stromal) cells (MSCs) within 
the connective stroma [16]. We therefore hypoth-
esized that the lamina propria could qualify as the 
stromal stem niche of the TM and we aimed thus 
at identifying in transmission electron microscopy 
(TEM) whether, or not, it harbours undifferentiated 
stem and/or progenitor cells.
MATERIALS AND METHODS
In this study were included 3 male Oryctolagus 
cuniculus rabbits weighing 2.5–3 kg, aged between 
6 and 12 months. Experimental animals were housed 
in individual cages with fed ad libitum and 12/12-h 
light/dark cycle. All rabbits were acclimatised for 
1 week before the experiments started. After 8 days 
animals were killed with lethal intravenous injections 
of phenobarbitone. All procedures were approved by 
the Institutional Bioethics Committee. The tympanic 
membranes were dissected out and further processed 
for TEM. Small tissue fragments about 1–2 mm3 were 
prefixed in fresh ice-cold 4% glutaraldehyde in sodium 
cacodylate buffer, pH 7.4 for 4 h at 4oC. After fixa-
tion, the tissues were 6x washed in 0.05 M sodium 
cacodylate buffer (pH 7.4) at 4oC, postfixed in 2% 
osmium tetroxide in 0.1 M sodium cacodylate at room 
temperature for 2.5 h, stained en bloc with 0.5% 
aqueous uranyl acetate overnight at 4oC and washed 
with 0.05 M sodium cacodylate buffer. After dehydra-
tion in graded series of ethanol and infiltration with 
propylene oxide, specimens were embedded in Glycid 
ether (Epon 812-equivalent) and were finally polymer-
ised at 60oC for 48 h. Semithin sections were stained 
with 1% toluidine blue for light microscopy. Ultrathin 
sections (80–100 nm) were cut using a diamond knife 
and collected on 200 mesh copper grids, and double 
counterstained with uranyl acetate and subsequently 
lead citrate. The grids were examined with a Philips 
electron microscope EM 208S operated at an accelera-
tion voltage of 80 kV. We used an image acquisition 
system consisting of a video camera Veleta and the 
iTEM Olympus Soft Imaging System.
RESULTS
On grids there were accurately identified the 
epidermal layer (with its layers: stratum corneum, 
stratum granulosum, stratum spinosum and stra-
tum basale) and the lamina propria of the tympa-
num. Within the basal layer of the outer epithelium 
of tympanum were identified cells in various nuclear 
stages, pre-mitotic or post-mitotic (Fig. 1).
Within the lamina propria of tympanum mi-
crovessels were present. Their walls consisted of 
endothelial cells covered by pericytes embedded 
within the endothelial basal lamina (Figs. 2, 3). 
Figure 2. Rabbit tympanum. Transmission electron microscopy.  
A pericyte cell body with large nuclear/cytoplasmic (N/C) ratio  
(arrow) and pericyte cell processes (arrowheads) are identified  
in a microvessel of tympanum.
Figure 1. Rabbit tympanum. Transmission electron micros-
copy. Within the basal epidermal layer of tympanum the cells 
display either nuclei with pronounced nucleolus (arrow) or 
nuclei with barely undetectable nucleoli or open DNA (arrow-
heads). A subepidermal collagen-embedded fibroblastoid cell 
(*) is indicated.
632
Folia Morphol., 2017, Vol. 76, No. 4
Figure 4. Rabbit tympanum. Transmission electron microscopy. 
Stromal cells with large nuclear/cytoplasmic (N/C) ratio (A, general 
view) depict scarce caveolae obturated by stomatal diaphragms 
(B, inset — magnified detail).
Interestingly, the cell body of such “dark” pericytes 
had a large nuclear/cytoplasmic (N/C) ratio, their 
nuclei being heterochromatic, with marginal and 
clustered condensed chromatin; few organelles 
filled the poorly-represented cytoplasm of these 
cells. This ultrastructural phenotype was assumed 
being a quiescent stem-like one. Moreover, perivas-
cular dark cells with similar phenotypes were as-
sessed (Fig. 3), being not embedded within the 
basal endothelial lamina. 
Isolated or clustered stromal cells with stem-like 
phenotypes were found also embedded in collagen 
Figure 3. Rabbit tympanum. Transmission electron micros-
copy. Periendothelial (arrow) and perivascular (double-headed 
arrow) cells with stem ultrastructural phenotypes are  
identified.
Figure 5. Rabbit tympanum. Transmission electron microscopy; A. General aspect of a stromal but not vascular mural cell; B. Evidence of  
a Weibel-Palade body (arrow) indicates an endothelial progenitor phenotype of that cell; C. Stomatal diaphragms (inset, magnified detail,  
arrowheads) obturate the plasmalemmal caveolae of the endothelial progenitor cell.
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and not related anatomically to microvessels. There 
were frequent instances when such dark quiescent 
stem cells were building tandems with neighbour 
cells with a lighter appearance but also displaying 
an undifferentiated pattern (Fig. 4). Such dark and 
light stem, or progenitor, cells scarcely presented 
plasmalemmal specialisations, such as clathrin-
coated vesicles and/or subplasmalemmal caveolae 
which were closed/obturated by stomatal dia-
phragms (Figs. 4–6). We also found Weibel-Palade 
bodies in the lighter type of stem/progenitor cells’ 
cytoplasm. So, these un-, or poor-differentiated 
cells were assessed as belonging to the endothelial 
lineage, thus being endothelial progenitor cells 
(EPCs). It is also relevant for the discussion to note 
here that stromal processes resembling telopodes, 
the processes of telocytes, also presented caveolae 
obturated by stomatal diaphragms (Fig. 6). 
DISCUSSION
It has been widely accepted that most acute 
TM perforations heal spontaneously [5]. However, 
most of the studies dealing with the stem niche of 
TM are focused on its epidermal, epithelial, com-
ponent. We demonstrated here that bona fide stem 
and/or progenitor cells are putative residents of 
the fibrous layer of the TM, thus being potential 
players during physiological and pathological TM 
regeneration and repair. 
We found however discrete differences of phe-
notype indicating that different subsets of stem and 
progenitor cells harbour the stromal stem niche of the 
TM. We found dark quiescent stem cells with poorly 
represented cytoplasm and organelles, as well as in-
completely differentiated cells which had a lighter ap-
pearance in TEM. This fulfils the stem niche definition 
in which committed progenitor cells join the niche and 
provide feedback to their stem parents [3]. Neverthe-
less, finding periendothelial, as well as perivascular 
stem (stromal) mesenchymal cells demonstrates that 
the concept of the universal perivascular stem niche 
convincingly applies also to the TM. In this regard, 
TM damage repair equally and actively involves the 
epithelium and the stromal compartment of the TM 
in which processes of stem cell differentiation and ne-
ovessel formation occur. This is indirectly supported by 
studies on the middle ear cholesteatoma during which 
proliferating tissues require an enhanced blood sup-
ply: angiogenesis is a prerequisite for the expansion of 
cholesteatoma which is supported by rapidly growing 
keratinocytes as well as stromal cells [14]. So, although 
the epithelial stem niche could be a first player during 
TM perforation repair, the stromal niche is equipped, 
as we found, with cells able to support the expansion 
of cholesteatoma. 
As we found, the stromal niche of the TM embeds 
EPCs which were firmly identified in TEM by two dis-
tinctive morphological features: the Weibel-Palade 
bodies and the obturated subplasmalemmal cave-
olae. The Weibel-Palade bodies are endothelial-specific 
organelles which house von Willebrand factor, being 
thus clearly related to the coagulation system [15]. On 
the other hand, the stomatal diaphragms of caveolae, 
which are thin protein barriers obturating the openings 
of the subplasmalemmal caveolae (or plasmalemmal 
vesicles), are also indicative for cells of the endothelial 
Figure 6. Rabbit tympanum. Transmission electron microscopy. 
A stromal cell with large nuclear/cytoplasmic (N/C) ratio, hetero-
chromatic and indented nucleus (A, arrow) neighbours thin 
telopodial prolongations of stromal cells (A, arrowheads) which 
display subplasmalemmal caveolae obturated by stomatal dia-
phragms (B, arrowheads).
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lineage [8, 11–13]. Finding such stomatal diaphragms 
of caveolae in telopodial prolongations of TM stromal 
cells is also indicative for an endothelial progenitor 
phenotype. This is because arguments were brought 
for a subset of telocytes being in fact endothelial pro-
genitors [10]. However, although mesenchymal stem 
cells and endothelial progenitors could be supplied by 
the perivascular niches, a bone marrow supply of such 
cells could not be discarded.
We did not find any study indicating, as we did 
here, that neovessel formation in the TM could be 
supported by EPCs able to support local processes 
of adult vasculogenesis. In turn, the expression 
of the vascular endothelial growth factor (VEGF) 
receptor is indicative for the beginning of the pro-
cesses of vasculogenesis and it was proven that 
VEGF is upregulated in tympanomastoid choles-
terol granulomas [4]. It is therefore reasonable to 
speculate that the resident EPCs of the TM could 
have a direct involvement during the processes of 
neovessel formation in the TM. Moreover, although 
viewed as a unique mechanism of neovessel for-
mation within the TM, angiogenesis enables and 
support the migration of keratinocytes [14]; thus, 
the stromal niche of the TM which is equipped 
with endothelial progenitors is able to support the 
epithelium-driven repair of the TM perforations.
CONCLUSIONS
The stromal stem niche of tympanum adds so 
to the epithelial one to complete the anatomy of 
the TM stem niche. Further immunohistochemical 
studies are mandatory to characterise the stromal 
stem niche of tympanum.
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